II.
Observations.
Acinar cell.
The nucleus of the acinar cell is generally large and spherical, with a relatively large round nucleolus. The apical part of the cell is filled with many large spherical zymogen granules which possess a limiting membrane and a homogeneous, more or less dense matrix ( Figs. 1 and 2 ). On occasion, granules having a light halo between the limiting membrane and matrix are found (Fig. 2) .
Near the nucleus lies the Golgi apparatus which consists of lamellae, vesicles and A part of the acinar cell with the well developed Golgi apparatus (G) which consists of lamellae, vesicles and vacuoles. Within the Golgi area, vacuoles of irregular shapes filled with dense material similar to zymogen granules are observed; majority of vesicles appear also dense. Among ordinary dense zymogen granules (Z), less dense zymogen granules (LZ) with an electron lucent space subjacent to the limiting membrane and dense ones with a less dense peripheral vacuoles. Relatively electron opaque material is frequently contained in the vesicles and lamellae. Occasionally, dense materials similar to the matrix of the zymogen granules are found in Golgi vacuoles (Fig. 2) . These dense Golgi vacuoles presumably represent the precursors of zymogen granules; furthermore such pictures are often encountered as suggesting that the Golgi vesicles fuse to the Golgi lamellae or to the dense Golgi vacuoles mentioned above (Fig. 2) . Oval or rod-shaped mitochondria with dense matrix are scattered randomly in the cytoplasm (Fig. 1 ). There are found occasionally some swollen mitochondria that have on their surface a large indentation Fig. 3 . Cross section of a small intralobular duct (intercalated duct). Cuboidal duct cells are arranged in a simple layer surrounding a small lumen (L), and from the cells microvilli protrude into it. There occur complicated interdigitations (ID) between the duct cells. In the cytoplasm of the duct cells large amount of tonofilaments (F), numerous mitochondria (M) and scattered glycogen granules are observed. In the basal part of the duct epithelium, a small group of A-containing a number of free ribosomes (Fig. 2) . In normal mitochondria, cristae mitochondriales are usually arranged regularly; the intramitochondrial dense granules are seen here and there ( Figs. 1 and 2 ). The remainder of the cytoplasm is filled with a large amount of granular endoplasmic reticulum cisterns; sometimes flattened and elongated ones appear in parallel array. Especially in the basal part of the cell, they often show a concentric lamellar structure or a whorl which may correspond to the "Nebenkern" of the classic cytology ( Fig. 1 ). In addition a relatively large number of free ribosomes are scattered among the cell organelles described above.
Epithelial cells of the intralobular duct and centroacinar cells. Columnar or cuboidal epithelial cells (duct cells) arranged in a simple layer line the lumen of the small intralobular ducts including their terminal branches (intercalated ducts, isthmi or necks) (Fig. 3) . The base of the duct cells is surrounded by a thin basement membrane. On the apical surface of the cells varying numbers of microvilli protrude into the lumen which are sometimes elongated and occasionally show, at the tip, a polypoid swelling (Figs. 3 and 4) . Between the juxtaposed cells, especially in their basal part, there sometimes occur complicated interdigitations (Fig. 3) .
The Golgi apparatus appears usually in the supranuclear area and consists mainly of small vesicles and vacuoles; Golgi lamellae are very few. A number of mitochondria are randomly distributed in the cytoplasm.
They represent oval, rod-shaped or elongated filamentous bobies in profile; the latter ones are usually more or less tortuous. The mitochondria of the duct cells are in general smaller than those of acinar cells. Intramitochondrial granules are also recognised.
Numerous bundles of tonofilaments, running somewhat tortuously in irregular directions are present especially in the upper and lateral parts of the cell, where they occupy the major part of the cytoplasm.
Usually there appear a small number of membrane-bounded small vesicles or cisterns of irregular shapes which may or may not have attached ribosomes; they are unevenly scattered throughout the whole cytoplasmic regions. Occasionally small, dense, oval or rod-shaped granules of unknown nature are seen at the apical part near the luminal surface of the duct cells.
In the cytoplasm of the duct cells a moderate amount of glycogen granules are observed scattered randomly in the whole cytoplasm and a few lipid droplets may be encountered mainly around the nucleus.
In the basal part of the duct epithelium, both of the intralobular ducts and of their terminal branches (isthmi), small groups of islet cells especially of A-cells are often found. These cells are in contact not only with each other but also with the duct cells and the basement membrane; between the cells thus juxtaposed there occur often desmosomes. In no cases these islet cells immediately line the duct lumen.
The fine structures of centroacinar cells are similar to those of the duct cells. The centroacinar cells, however, are characterized by their direct connection with the acinar cells (Fig. 5) . They surround together with the latter a small glandular lumen filled with dense secretion material and protrude some microvilli into the lumen. Adjacent to the lumen, terminal bar complexes with associate desmosomes are seen between cells, i.e. between an acinar and a centroacinar cell, between two acinar cells or between two centroacinar cells. Intercellular interdigitations are seen not only between centroacinar cells but also between a centroacinar and an acinar cell. The morphological properties of the Golgi apparatus and the mitochondria of the centroacinar cells are approximately identical with those of the duct cells mentioned above. In the whole cytoplasmic areas of the centroacinar cells, many glycogen granules and numerous small bundles of the tonofilaments are randomly scattered and some large vacuoles which seem to be dissolved lipid droplets sometimes appear in the cytoplasm (Fig. 5 ). Besides these inclusions, there occur a number of irregularly shaped, membrane-bound cisterns or vesicles which may or may not have attached ribosomes throughout the entire cytoplasm of the centroacinar cells, and they often dilate into vacuoles of varying shapes and sizes.
The submicroscopic differences of the centroacinar cells from the epithelial cells of the above described small ducts consist in that in the former, the tonofilaments are less developed, whereas glycogen granules, lipid droplets as well as vesicles. cisterns and vacuoles occur more frequently than in the latter; especially it must be the most important difference that the cytoplasmic matrix of the centroacinar cells appears in general by far electron lucenter than that of the duct cells. The pancreatic islets of the toad are distributed within the exocrine acini without any connective tissue capsule, so that, in the border of the islet, islet cells and acinar cells come into direct contact. In general, large islets of the toad consist mainly of B-cells which are associated, usually in the periphery of islet, by a number of A-cells gathered in small cell groups. Besides, A-cells are widely spread in the acini either making small cell groups or singly scattered among the acinar cells (KOBAYASHI 1963) .
B-cells.
B-cells are spherical, oval or columnar in shape, and possess an oval or spherical nucleus which sometimes show irregular folds of the nuclear membrane (Fig. 6 ). The cells. Adjacent to the lumina terminal bar-like structures are often seen. In the cytoplasm of granular endoplasmic reticulum and bundles of filaments (F) are observed. LS lysosome-like 9 ), some of which contain somewhat dense material. In the Golgi lamellae sometimes Mitochondria of the islet cells are generally smaller than those of acinar cells.
The B cells usually possess more numerous mitochondria than the A-cells. They are frequently with irregular folds of the mitochondrial membrane; sparse cristae mitochondriales run in various directions (Figs. 7, 8, and 11) . A few small intramitochondrial granules are recognized. A peculiar feature of cristae mitochondriales can be found in some of the elongate, rod-shaped mitochondria of B-cells: such mitochondria have many long plate-like cristae mitochondriales which are densely arranged in parallel to each other and along the long axis of mitochondrion, so that in longitudinal sections the cristae mitochondriales show in profile a parallel array of membranes extending from one end of mitochondrion to another, a dense lamellar structure of cristae mitochondriales (Figs. 7 and 10). In Fig. 8 , a cross section of such a mitochondrion is seen.
Huge rod-shaped crystalloid bodies as shown in Fig 11 are occasionally found in the cytoplasm of B-cell. The crystalloid body in this picture is V-shaped and as large ron microscopy probably correspond to crystalloids which the author (KOBAYASHI 1963) discovered with the light microscope in the B-cells of the same animal; in the light microscopical preparations fixed in LEVI's fluid and stained by azan they occured as red-stained, somewhat tortuous filamentous bodies. Under the electron microscope, these huge crystalloid bodies are enclosed by a double membrane quite similar to the mitochondrial membrane and possess densely packed lamellar structure arranged along the long axis of them; they contain a number of granules similar to Another characteristic of the B-cells is a relatively large amount of filaments contained in their cytoplasm.
They are distributed randomly in the cytoplasm making large and small bundles oriented in irregular directions (Figs. 6, 7, 9 and 12) .
Qccasionally, the filament bundles are found near the nucleus or the Golgi apparatus and sometimes run along the nuclear envelope. On the contrary, the A-cells lack these filaments.
In the electron lucent cytoplasmic matrix of the B cells, there occur a considerably large number of the cisterns of the granular endoplasmic reticulum and free ribosomes which are for the most part aggregated in small clusters (Figs. 7, 8, 10 and 12) . Glycogen granules are rarely found in the cytoplasm of B cells. A small number of dense These relatively large dense bodies consist of a smooth limiting membrane and a dense matrix, in which several structures such as vesicles and lamellas of varying density and of unknown nature are usually found. Very rarely we also encounter a dense body of this kind which contains a small mitochondrion in its dense matrix; such a body possibly corresponds to so-called cytolysome (Fig. 12) . Multivesicular bodies and lipid droplets are scarcely seen in the cytoplasm of the B-cells.
A-cells.
As described above, A-cells are found in exocrine acini either making small groups (islets) (Figs. 13 and 14) or singly inserted between the acinar cells (Fig. 15) Free ribosomes are also recognized in a considerable amount, they are for the most lamellae, vesicles and vacuoles. Some of the lamellae and vacuoles contain small dense gra-part aggregated to small clusters ( Fig. 18 ).
Contrary to B-cells, the A-cells contain a considerable amount of glycogen granules which are distributed in the whole cytoplasm intermingled among the free ribosomes (Figs. 13, 14, 15, 16 and 18) . The glycogen granules contained in A-cell cytoplasm vary in quantity from cell to cell as illustrated in Figs. 16 and 18. Lysosome-hike Lipid droplets occur usually singly or in small number, but somewhat more frequently than in B-cells .
A cross section of Fig. 19 . Two islet cells of the third type (III) located between a B-cell (B) and an islet cell of the fifth type (V). They are characterized by small and slender mitochondria (M) and remar-an unmyelinated naked nerve fiber is shown in the upper part of Fig. 24 ; it is inserted between three islet cells two of which are A-cells. In this nerve fiber, several synaptic vesicles containing dense core and a mitochondrion are recognized.
Islet cells of the third type.
In the present electron microscopic observation on the toad pancreatic islets it has been confirmed that a small number of the third type islet cells can be distinguished Fig. 20 . A portion of a third type islet cell. Specific granules are spherical and dense as the core, that it is mostly indistinct. Among dense granules less dense ones with coarse texture are found; in these probably highly matured granules the limiting membrane is faint and often undetectable. The Golgi apparatus (G) consists of vesicles, vacuoles and lamellae. Many vacuoles and cisterns of granular endoplasmic reticulum as well as free ribosomes are distributed in the cytoplasm. A considerable amount of glycogen granules are scattered in the whole from the well known B-and A-cells. These third type cells are irregular in shape and often elongated sending long pointed cytoplasmic extensions between other islet cells ( Fig. 19 ). They occupy a special location in the islets: they appear usually at the boundaries of the A-cell and the B-cell groups of the islet, making a small cell group.
One of the important characteristics of these islet cells consists in the properties membrane closely attached to the granule core, except for a few cases in which a narrow space can be seen between the both (Figs. 19 and 20) . Besides these dense granules, there occur among them variable number of less dense granules with a coarse texture in which the limiting membrane has become so faint that it can be often hardly distinguished. Between the dense granules and less dense ones several transitional forms are recognized. This suggests that the less dense granules with a coarse texture probably represent the highly matured specific granules.
Compared with A-and B-cells, the third type islet cells possess in general by far smaller number of specific granules (Figs. 19 and 20) .
The mitochondria of these cells, with sparse intramitochondrial granules, resemble in several ultrastructural properties those of A-and B-cells, although they are considerably smaller than in the latter types of cell; especially elongated slender mitochondria as shown in Fig. 19 are characteristic. Golgi apparatus of these cells exhibits also a characteristic feature; it consists of numerous vesicles, large vacuoles and lamellae which in all cases are considerably dilated (Fig. 20) . Most of the vesicles contain dense material and sometimes enclose a small granule of the same density as the specific granule, a finding favorable to the view that the specific granules of the islet cells arise from the Golgi complex. Granular endoplasmic reticulum is in general well developed in these cells. Numerous vesicles, vacuoles and irregularly shaped cisterns studded by ribosomes are found in the whole cytoplasm. Occasionally the parallel array of flattened sacs of the granular endoplasmic reticulum builds, on one side of the cytoplasm, a spherical, concentric lamellar mass, which corresponds to the similar structure found in the acinar cells. A considerable amount of free ribosomes are scattered throughout the cytoplasm, the majority of them are aggregated in small clusters. In addition, variable amounts of glycogen granules are found in the cytoplasm intermingled among free ribosomes (Fig. 20) , and in this point this third type of islet cell resembles the A-cells. Dense lysosome-like bodies are rarely encountered also in this islet cell type.
Islet cells of the fourth type.
In the toad islets we encounter very rarely the fourth type of islet cells. In Fig.  21 two cells of this type are found between acinar cells. Contrary to the above mentioned islet cells of the third type they possess numerous specific granules distributed almost evenly in the entire cytoplasm.
Size, shape and ultrastructural properties of the following three differences; 1) they are generally somewhat less dense than the rous, more or less elongated elliptic granules; and 3) the electron lucent circular space between the granule core and the limiting membrane is in general narrow and occur only in a few granules. In spite of these differences concerning the specific granules, the fourth type islet cells resemble on the whole the A cells; they contain, as the nules, but they are less dense than the latter. The population density of specific granules is high. The irregular shaped nucleus (N) with conspicuous foldings of the nuclear envelope latter do, variable amounts of glycogen granules (Fig. 22) .
Thus, these fourth type islet cells together with the third type islet cells, should be regarded as the variants of the A-cells, or modified A-cells. The fourth type islet cell illustrated in Fig. 21 contains a irregular shaped nucleus with prominent foldings of the nuclear envelope and the ordinary Golgi complex adjacent to the nucleus.
Islet cells of the fifth type.
The islet cells classified as of the fifth type are found, as the third type islet cells, on the boundary between the A-and the B-cell grouts in the islet; thus a small group of these cells is found in contact with the small group of the third type islet cells. These islet cells are not uniform in shape and size.
The round nucleus is enclosed by the nuclear envelope consisting of the outer and (Figs. 23 and 24) . In general the chromatin granules are uniformly dispersed and closely packed in the nucleoplasm.
The organelles in the cytoplasm, such as Golgi apparatus, mitochondria and truded microvilli are found. Small Golgi apparatus (G) and several mitochondria (M) in which mitochondrial membrane is not distinct, are observed. Cisterns of granular endoplasmic reticulum are obscure, but large amount of free ribosomes (R), in small clusters, are distributed throughout the cytoplasm. Specific granules are in general less dense and show coarse texture except a few dense ones; the limiting membrane is applied closely to the granule core, but sometimes discontinuous and even obscure. DS desmosome, LS lysosome-like dense body, N nucleus.
Fig. 24. Three fifth type islet cells (V) and neighboring A-cells (A). One of the former cells is empty (V'
). In the delineated area, a cross section of unmyelinated nerve fiber is seen between two A-cell and the empty cell. Inset (enlarge nent of the delineate, area): cross section of the nerve fiber contains several synaptic vesicles with dense cores and a mitochondrion; the endoplasmic reticulum, are scanty and for the most part indistinct (Figs. 23 and 24) . The Golgi apparatus is small and consists mainly of lamellae and vesicles. Figures which might suggest the formation of the specific granules in the Golgi complex are never observed. As to the mitochondria, the mitochondrial membrane is partly not clearly identified and appears sometimes as if completely disappeared.
The cristae mitochondriales are, however, relatively well preserved. Both the granular and agranular endoplasmic reticulum have disappeared without any remnants, although free ribosomes are almost perfectly preserved; numberless ribosomes are scattered throughout the cytoplasm and show a tendency to aggregate here and there in small clusters.
The cytoplasmic matrix of these cells is electron lucent and contains many round or oval granules which should be taken for the specific granules of these cells. The granule core is closely surrounded by a smooth limiting membrane which is frequently interrupted or sometimes obscure. These specific granules of the fifth type islet cells, though considerably variable, are in general low in density. Their texture is generally coarse, their size, also considerably variable, corresponds to that of the granules of the A-cells or of the third type islet cells. Thus, the specific granules in question correspond to the granules with a low density and coarse texture found either in the third type islet cells or in the A-cells. The specific granules of high density, however, are seldom observed. (Fig. 25) . Such a transitional cell, as shown in Fig. 25 , contains, on one hand, large dense granules identified as zymogen granules in the apical cytoplasm together with abundant cisterns of the granular endoplasmic reticugranules in the basal cytoplasmic area where the granular endoplasmic reticulum is scarce.
The granules of two different types are intermingled in the cytoplasmic area lying between two nuclei, where a small Golgi complex resembling that of the islet cell is also found. In this binucleated acinar-islet cell two forms of mitochondria, the larger and the smaller, are observed; the larger mitochondria corresponding to those of acinar cells exist mainly in the apical cytoplasmic area where cisterns of the endoplasmic reticulum and zymogen granules are prominent (acinar-cell area), whereas the smaller ones similar to those of islet cells are mainly found in the basal portion where the cytoplasm exhibits characteristics of the islet cell containing numerous the large, well developed Golgi apparatus characteristic of the acinar cell has been Fig. 25 . A large binucleated acinar-islet cell facing the glandular lumen (L). In the apical cytoplasmic area, zymogen granules (Z), densely packed endoplasmic reticulum (ER) and large mitochondria (M) are observed (acinar-cell area); the basal cytoplasmic area is mainly occupied the two nuclei (N) contains both types of secretory granules and mitochondria, scattered cisterns often observed near the nucleus. Frequently, the fragments of plasma membranes are seen in the cytoplasm of the acinar-islet cells.
In Fig. 26 The acinar-islet cell in Fig. 27 possesses near the nucleus the well developed Golgi apparatus resembling that of the acinar cell, and in the close neighborhood of the apparatus there exists sections of unmyelinated naked nerve fibers which contain many filaments, some tubuli, vesicles and a mitochondrion.
III. Discussion.
In the present electron microscopic work on the pancreatic cells of the toad the islet cells have been the main object of study, whereas the observation on the exocrine elements, acinar, centroacinar and duct cells has been confined to certain morphological points of interest.
The pancreatic acinar cells have been studied with the electron microscope by many investigators from several points of view (EKHOLM et al. 1962 , HERMAN et al. 1964 , ICHIKAWA 1965 . As in other animals, the toad pancreatic acinar cells have the granular endoplasmic reticulum extremely well developed and distributed in entire cytoplasmic areas. Especially in the basal part of the cytoplasm the parallel array of its elongated flattened sacs forms frequently a concentric lamellar structure or a whorl which may correspond to the "Nebenkern" in the light microscopy. The well developed Golgi apparatus is composed of lamellae, vesicles and vacuoles; a homogeneous material with the same density as zymogen granules distributed in apical cytoplasm accumulates often in some of the Golgi vacuoles. Such dense Golgi vacuoles might probably represent the precursors of the zymogen granules. The finding that the Golgi vesicles containing also a dense material are often attached and fused to the Golgi lamellae or to above mentioned dense Golgi vacuoles is of interest. These data concerning the relation of the Golgi apparatus and the formation of zymogen granules seem to support the view of many authors (EKHOLM et al. 1962 , HERMAN et al. 1964 , HIRSCH 1963 , that the zymogen granules are elaborated in the Golgi complex utilizing the proteins transported from the granular endoplasmic reticulum.
The fine structure of the centroacinar cells and duct epithelial cells of the pancreas has been less frequently described as compared with the acinar and islet cells (EKHOLM et al. 1962 , HERMAN et al. 1964 , ICHIKAWA 1965 . In the present study, the centroacinar cells and the epithelial cells of the intercalated duct or of the smallest terminal branches of the intralobular duct of the toad was observed.
The centroacinar cells and ductular cells resemble each other in almost all the ultrastructural properties except for a few described in the Observations.
The centroacinar and ductular cells show, in spite of detailed observations, no submicroscopic signs in the cytoplasm which suggest the absorbtive or secretory function in these cells (EKHOLM et al. 1962 , HERMAN et al. 1964 , ICHIKAWA 1965 , except for the occasional polypoid swellings in the tips of the elongated microvilli sent from the luminal surface of the ductular cell, which may possibly be discharged into the lumen by means of pinching off from the microvilli, namely by means of the "microapocrine" process (KUROSUMI 1961) . Occurrence of small groups of islet cells (A-cells) in the basal part of the ductular epithelium, demonstrated in the preceding light microscopic study (KOBAYASHI 1963) , was confirmed and observed in details in the present study.
The pancreatic islet cells have been studied indeed by many investigators with the electron microscope in various species of the vertebrates including man; quite numerous works in this field of study were recently reviewed by HERMAN, SATO and FITZGERALD (1964) . To the comprehensive list of literature in this review, we can add the works of KANO (1961, tortoise) , WINBORN (1963, monkey) , BJORK-MAN and HELLMAN (1964, duck) , LANGE (1965, frog), CARAMIA, MUNGER and LACY (1965, guinea pig), and MUNGER, CARAMIA and LACY (1965, rabbit, dog and opossum).
It was one of the most important advances in the islet cell cytology that authors classified islet cells by means of the electron microscopy into several cell types mainly on the basis of the ultrastructural properties of their specific granules (secretory granules). The A-and B-cells which are in all vertebrate species the main components of the pancreatic islets contain respectively the specific granules of characteristic ultracells consist of the smooth limiting membrane and the granule core, the former making a round sac which encases the latter. The both elements are usually separated by an electron lucent space of variable width. In all animal species investigated until the granule core is spherical and dense, and the limiting membrane is in most cases granule cores are more or less different from species to species, but the electron lucent space separating the granule core from the limiting membrane is on the whole remarexamined spherical and less dense, while in the carnivora and birds they are of various particular forms such as crystalloid, rectangular, or spindle-shaped (HERMAN et al. 1964) . In man, monkey and fishes the results offered by the investigators engaged in the problem are somewhat divergent.
In amphibia the ultrastructural properties of the islet cell granules have been little known until today. According to SATO, HERMAN and FITZGERALD (1963) who studied in their unpublished work (HERMAN et al. 1964) . Recently LANGE (1965) observed electron-microscopically the islet cells of frogs and could not find any of such distinct ultrastructural differences between the specific granules of the A-and B-cell as to be able to distinguish the islet cell types. In reptilia, KANO (1961) observed islet cells in the tortoise with lar shaped cores similar to those of carnivora and birds enclosed in the round membrane sac.
In the present study on the toad pancreas, it has been for the first time conof rod-shaped or crystalloid small bodies of low clectron density and that, in this single, spherical, dense core and the limiting membrane closely applied to the latter. In their electron microscopic observation on duck pancreatic islets, BJORKMAN and HELLMAN (1964) , however, could not distinguish the A1-and A2-cells on the basis of morphological properties of the specific granules. According to their observations the specific granules of the both types of A-cell possess similar, roughly spherical cores of high electron density. Some recent electron microscopic studies have attempted to classify the islet cells further in more cell types than ever done, regarding mainly the differences in the ultrastructural properties of the specific granules. CARAMIA, thus devided the pancreatic islet cells in the guinea pig into 6 cell types: B-, Aa-. Ab-. Ac-. D-and C-cells (empty cell), among the three A-cell types the Aa-cells are the most common and the Ac, cells the least common; and according to them the D-cells correspond, as revealed further by their subsequent study cited below, to the silber-positive islet cells. In the second electron microscopic study, they observed the pancreatic islets of the rabbit, dog and opossum; they could identify in the rabbit B-, A-and D-cells, in the dog, besides these three, a unique cell type termed "F-cells" and in the opossum again a unipue cell type celled "E-cells". According to them, the D cells which show in the four animal species (guinea pig, rabbit, dog and opossum) similar morphological characteristics of specific granules are identical with the silber-positive islet cells; in this respect they agree with FUJITA (1964) . The morphological characteristics of the D-cell granules emphasized by them consist in that the granule core is round in profile, less electron opaque than A-cell granules though the opacity is variable to some extent from granule to granule and that the limiting membrane is very closely applied to the granule core. An islet cell type of the rat pancreas which was proposed by CARAMIA (1963) to be the D-cells, has also small granules of low density and the limiting membrane very closely applied to the core.
In the present electron microscope study the author has classified the islet cells of the toad into five cell types; A-cells, B-cells, third type, fourth type and fifth son with those of other animal species.
The third type islet cells have a relatively limiting membrane very closely attached to the granule core except for a few granules in which a narrow space can be seen between the core and the limiting membrane. It is worthy of attention that besides these ordinary small dense granules there occur variable numbers of less dense, perhaps highly mature granules with a coarse texture and a faint, sometimes indistinct limiting membrane. The third type islet cells exhibit in general irregular, often elongated shapes sending sometimes long pointed cytoplasmic extensions and they contain remarkably small mitochondria as compared with those of other islet cell types and large amount of vesicles, vacuoles and cisterns of the granular endoplasmic reticulum which occasionally display a concentric lamellar pattern.
The third type islet cells found in small number in the toad pancreatic islets should be taken on the basis of the morphological properties of the specific granules and of the richness in glycogen granules as mentioned below for a variant of the A-cells and may correspond presumably to the Ac-cells described recently by in the guinea pig and to the A-cell variant observed by CARAMIA (1963) in the rat. According to him, this A-cell variant of the rat is an occasional element in the islet with an elongated shape containing a few scattered addition, these cells resemble the third type islet cells of the toad in that they are rich in compactly arranged flattened sacs of the granular endoplasmic reticulum.
CARAMIA considered these islet cells should be correlated to the silber-positive A-cells or A1-cells in light microscopy. The third type islet cells of the toad are concordant with the fifth type cells described below in their definite location in the islet: they accumulate on the boundary of the A-cell and B-cell groups of the islet.
The fourth type islet cells of the toad are least common and should be also on the basis of the morphological properties of the specific granules and of the occurrence of variable amounts of glycogen granules taken for a variant of the A-cells. The specific granules of this islet cell type agree in their shape, size and structural that they are somewhat less dense than the latter, that they intermingle numerous elliptic granules and that they have scarcely the electron lucent narrow space between the granule core and the limiting membrane. Their population density in cytoplasm basis of the morphological characteristics of their specific granules, to some extent similar to the E-cells of the opossum and the F-cells of the dog which were recently classified by .
The fifth type islet cells of the toad are characterized by the specific granules of low density and of coarse texture which are bounded by a limiting membrane closely attached to the central core. These characteristics of the specific granules are in approximate concordance with those of the D-cell granules reported by CARAMIA (1963) , . This evidence supports the presumption that the fifth type islet cells classified in the present study may represent the D-cells of the toad. The fifth type islet cells occur as a rule in small number and in the definite location, i.e. on the boundary between the A-cell and B-cell groups in the islet. According to the author's previous observations on the pancreatic islets of the toad (KOBAYASHI 1963) , this location corresponds to that of the D-cells and of the silber-positive cells (A1-cells) as identified in the light microscopy. On the basis of these findings and the reliable light microscopic observations of FUJITA (1964) the hypothesis that the D cells are identical with the silber-positive islet cells (FUJITA 1964 ) may be tenable. Here the evidence that the third type islet cells are also present in the same location as the fifth type cells should be kept in attension, and the possible relations between these two islet cell types of the electron microscopy and the D-cells as well as the silber-positive cells of the light microscopy must be further investigated. The fifth type islet cells of the toad possess certain ultrastructural features which suggest that these cells might represent an exhausted or degenerating element; as such one may point out the poorly developed Golgi apparatus, the indistinct or disappeared mitochondrial membrane, absence of the cisterns of the granular endoplasmic reticulum, except for the existence of numerous free ribosomes, and the discontinuous or faint limiting membrane of the specific granules. The empty cell of the fifth type which lacks specific granules is also found. If the fifth type islet cells might actually represent the exhausted or degenerating cells as supposed above, then they should have originated from the A-cells or the third type islet cells, since the specific granules of the fifth type cells resemble, in theirr low density and coarse texture, certain specific granules found in these cells, which are considered to be highly mature specific granules.
As to the mechanism of the specific granule formation in the islet cells the investigators including the present author are of almost the same opinion; in all types of the toad islet cells except in those of the fifth type it has been confirmed that the specific granules arise from the Golgi complex in the following process: The small dense granules which appear in the flattened sacs of the Golgi lamellae or in the Golgi vacuoles gradually grow in these structures; the granule containing portions of the sac become dilated to be pinched off into small membrane-bounded granules or immature specific granules.
With regard to the extrusion mechanism of the specific or secretory granules of the islet cells, postulate on the basis small elementary particles which seem to be released thereafter through the plasma membrane into the extra-or intercellular spaces. This was confirmed recently by BJORKMAN and HELLMAN (1964) in their study on the A-cells in the duck. In the pancreatic islet cells of the toad, however, this mode of granule extrusion is not recognized. On the other hand, the release of the secretory granules by means of reversed pinocytosis has been observed by many investigators in several kinds of endocrine cells, since ICHIKAWA (1959) discovered this mode of secretion in the rat adenohypophysis.
In his recent electron microscopic study on the adenohypophysis of the platyfish WEISS (1965) also confirmed this extrusion mechanism of the secretory granules in the pituitary cells. According to his description, a secretory granule with its loosened limiting membrane moves to come into contact with the plasma membrane; at the place of the contact of the both membranes a hole or channel opens to the outside and a single continuous membrane is formed. The granule, now without its membrane, escapes through this opening into the basement membrane or intercellular space. The same extrusion process of the secretion was observed by BELT et al. (1965) in the adrenal cells of the brown pellican. In the present electron microscope study on the islet cells of the toad, however, the author has searched in vain such figures as might suggest the release of the specific granules by the same mechanism as described above. In the toad islet cells the specific granules are frequently found near the cell boundaries and their limiting membranes come into contact with the plasma membrane, but a granule core without its membrane sac can never be found in the basement membrane or in the intercellular space. In the toad pancreatic islets the following morphological changes of the specific granules are frequently observed especially in the B-cells and less frequently also in the A-cells: the variable extent and in some cases, especially in the B-cells, the granule cores devoid of the limiting membrane are found in naked state in the cytoplasmic matrix, whereas in such cases naked cores are never found in the extracellular spaces. To solve the problem concerning the extrusion mechanism of the specific granules of the pancreatic islet cells, further detailed observations with the electron microscope are necessary. The existence of filaments in the cytoplasmic matrix of the pancreatic islet cells has been reported by some authors. HERMAN, SATO and FITZGERALD (1964) found fibrils in the B-cells of the rabbit, BJORKMAN and HELLMAN (1964) bundles of the filaments occasionally in the A1-cells of the duck; also recognized occasional occurrence of filaments and microtubuli in the Aa-cells (typical A-cells) and the Ac-cells of the guinea pig. In the toad, exclusively in the B cells, relatively large amount of filaments distributed randomly in the cytoplasm are observed in larger or smaller bundles. This represents one of the characteristics of the B-cells.
The cytoplasmic glycogen of the normal islet cells has been studied by many investigators by means of the light microscopic methods in several kinds of animals. The positive results were obtained mainly in the lower vertebrates as reported by WATANABE (1960, fish) , KANO (1961, tortoise) and KOBAYASHI (1963, toad) . By the electron microscopy the glycogen granules scattered throughout the cytoplasm were demonstrated by in the A-cells of the opossum. In the toad, the glycogen granules are rarely demonstrated in the cytoplasm of the B cells, whereas the A-cells contain in general a considerable amount of them distributed, together with the free ribosomes, in the whole cytoplasm. The third and fourth type islet cells agree in their richness in glycogen granules with the A-cells. This correlation possibly supports the view that the third and fourth type islet cells of the toad correspond to a modified type of A-cells. Only in the fifth type islet cells the glycogen granules are never demonstrated.
The mitochondria in the islet cells of the toad are in general smaller than those of the acinar cells, the cristae mitochondriales are sparse running in irregular directions. Though the intramitochondrial granules are found in all types of the islet cells except in the fifth type, they are generally smaller in number than in the mitochondria of the acinar cells. Only the B-cells contain, though not many, characteristic mitochondria with a rod-shaped profile. It is in these mitochondria that the longitudinal cristae mitochondriales are arranged in parallel with each other to form the dense lamellar structure as described in Observations. The huge, elongated crystalloid bodies found exclusively in the B-cells are believed to be enlarged and modified forms of the just mentioned mitochondria with the lamellar structure. The double membrane enclosing the bodies, the longitudinally arranged lamellar structure and the occurrence of small, dens granules in these bodies are all common to the special type of mitochondria just mentioned. A horseshoe-shaped body with parallel array of agranular membranes simulating in profile a mitochondrion was observed by MUNGER (1958) in the alpha cells of a young mouse and by LANGE (1964) in the islet cells of unfed frogs.
Occurrence of the intermediary cells having the characteristics both of the acinar and the islet cells has been described in the electron microscopic studies by GUSEK and KRACHT (1959 KRACHT ( , 1960 and by HERMAN et al. (1963) in the rat, by ZAGURY et al. (1961) in man, and by BJORKMAN and HELLMAN (1964) in the duck. HER-MAN and his coworkers have termed these cells "acinar-islet cells". The concept that new islet cells may arise in post fetal life by the transformation of acinar cells has been criticized by these authers. In the present electron microscopic study the acinarislet cells were not rarely found in the toad pancreas.
They are considerably large, occasionally binucleated cells sometimes with free surface provided with microvilli.
In the acinar-islet cells a so to speak acinar-cell area and an islet-cell area are distinguished and between these two areas there exists sometimes a portion where the cell organelles characteristic to the both types of cell are irregularly intermingled.
never observed in them, and that they contain either a large Golgi apparatus characteristic of the acinar cell or a small Golgi apparatus of the islet cell and never simultaneously both of them. It is of interest that in the large acinar-islet cells of the toad, fragments of the plasma membrane running tortuosly between the islet-cell area and the acinar-cell area are frequently detected. This finding suggests that the acinarislet cell of the toad may probably be induced by fusion of an acinar cell with an islet cell which are in immediate contact within the acini. Thus, the acinar-islet cells of the toad should be considered as large syncytial cells, whose further fate is unknown. The evidences obtained in the present observation in the toad pancreas can not, however, by far elucidate the controversial questions about the acinar-islet cells, especially the problem of the acino-insular transformation.
The innervation of the pancreatic islets has been observed with the electron microscope by WINBORN (1963) in the monkey, by STAHL (1963) in the rat and by LANGE (1965) in the frog. LANGE (1965) observed in frog pancreas direct contact of unmyelinated nerve fibers with islet cells which contained vesicles, filaments and mitochondria. STAHL (1963) made most detailed descriptions on the innervation both of the exocrine and endocrine pancreas in the rat. He encountered, especially near the Langerhans islets, numerous bundles of autonomic axons without myelin sheath forming a pen-insular plexus. A few axons encased in the Schwann cytoplasm arise from this plexus, and run along the basal plasma membrane of the islet cells to branch into a single axon surrounded by the Schwann cytoplasm which is in contact with the islet cells; in the terminal portion the single axon takes off its sheath of Schwann and becomes naked to come into a direkt synaptic contact with the surface plasma membrane of the islet cells. He named this synapsis formation in the islet cells "monoterminal synapsis" in contrast to the "multiterminal synapsis" in the exocrine pancreas. In the present study a "monoterminal synapsis" was observed in contact with two A-cells and one empty cell of the fifth type. In that portion the unmyelinated nerve fiber possesses no sheath of Schwann cytoplasma and the opposed plasma membranes of the nerve fiber and of one of the A-cells were dense and showed the appearance of the synaptic membrane.
The unmyelinated nerve fiber contained a mitochondrion and several synaptic vesicles, many of which possessed a dense core (granular vesicles). Another unmyelinated nerve was found within the cytoplasm of an acinar-islet cell near the Golgi apparatus, in this case probably two nerve fibers make a bundle without any sheath of Schwann cytoplasm, so that this case corresponds to the "multiterminal synapsis". In the cytoplasm of these nerve fibers there were found many filaments, some tubuli, a mitochondrion and vesicles which were almost all agranular with a few exceptional granular ones. However, no synaptic membrane was confirmed.
Recently in his electron microscope study on the autonomic innervation of the smooth muscle cells THAEMERT (1966) has observed in the synaptic portions of the nerve processes on the surface of the smooth muscle cells granular and agranular synaptic vesicles and discussed their significance. He proposed, in refering to the literatures, the possibility that the dense cores of the granular vesicles are catecholamines and that sympathetic and parasympathetic nerve processes might be distinguishable on the basis of their vesicular content. According to STAHL (1963) morphological and experimental data have accumulated which support the view that the Acell-system may be regarded as sympathetic and the B-cell-system may be regarded as parasympathetic.
IV. Summary.
The pancreatic islet cells of the toads (Bufo vulgaris formosus) captured in December was observed by the electron microscope. It may be therefore possible that the third and fifth type islet cells, both or one of them, correspond to the silber-positive cells.
7. The specific granules of the islet cells were confirmed to be formed in the Golgi complex, but the extrusion mechanism of them could not been clarified in the present study. However, the following finding seems to be worthy of attention:
The limiting membranes of certain specific granules frequently become discontinuous and sometimes even disappear, so that the granule cores can be discharged; naked cores with low density and coarse texture are really found in the cytoplasmic matrix. In the specific granules found in the superficial layer of the cytoplasm, the limiting memdrane of the granule comes into contact with the plasma membrane, suggesting the secretion by reversed pinocytosis. However, a granule core just being or has been emptied into the extracellular space could never be recognized.
8. In the toad pancreas there occur not rarely the intermediary cells between pancreatic cells, organelles and inclusions characteristic of the both types of cell are cells, whereas the latter mainly by numerous, densely packed cisterns of granular endoplasmic reticulum, zymogen granules and large mitochondria characteristic of acinar cells. On the boundary between these areas there occur frequently the fragments of plasma membrane and this may support the presumption that the acinar-islet cell of the toad are formed by fusion of an acinar and an islet cell (syncytial cell).
9. A single naked unmyelinated nerve fiber was observed between A-cells and a fifth type islet cell. In the cytoplasm of the nerve fiber several synaptic vesicles with dense cores and a mitochondrion were recognized and the opposed plasma membranes of the nerve fiber and one of the A-cells showed the feature of synaptic membranes. Besides, a small bundle of unmyelinated nerve fibers was found near the Golgi apparatus in the cytoplasm of an acinar-islet cell.
